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Disclaimer     
This report was prepared as an account of work sponsored by an agency of the United 
States Government.  Neither the United States Government nor any agency thereof, nor 
any of their employees, makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights.  Reference herein to any specific commercial product, 
process or service by trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof.  The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States Government 
or any agency thereof. 
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Abstract   
The following report documents the technical approach and conclusions made by 
Acumentrics Corporation during latest budget period toward the development of a low 
cost 10kW tubular SOFC power system.  The present program, guided under direction 
from the National Energy Technology Laboratory of the US DOE, is a nine-year cost 
shared Cooperative Agreement totaling close to $74M funded both by the US DOE as 
well as Acumentrics Corporation and its partners.  The latest budget period ran from July 
of 2005 through December 2005.  Work focused on cell technology enhancements as 
well as BOP and power electronics improvements and overall system design.  Significant 
progress was made in increasing cell power enhancements as well as decreasing material 
cost in a drive to meet the SECA cost targets.    The following report documents these 
accomplishments in detail as well as the layout plans for further progress in next budget 
period. 
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INTRODUCTION   
Acumentrics Corporation has focused during the latest six-month budget period of the 
SECA program on the design and manufacture of micro-tubular SOFC power systems 
approaching twice the power density now achieved from state of the art anode supported 
tubular designs.  By developing a common stack design with high power density cells 
capable of meeting the SECA cost targets, a number of markets will be opened to this 
technology.  Present markets being focused upon include telecommunication, remote 
residentia l, and military markets. Operation on fuels including natural gas and propane 
will be developed for the telecommunication and remote residential markets.  These fuels 
will be developed and demonstrated during Phase I of the program.  Operation on liquid 
fuels, including diesel and JP-8, will be developed for the military markets.  These fuels 
will be developed and demonstrated during Phases II and III of the program.   
 
The overall goals of Phase I of the program, which represents three years of development, 
include:   

1. Design of a common low cost generator to meet all chosen markets.   
2. Development of an anode supported micro-tubular cell capable of twice the    

power density presently achieved.   
3. Prototype testing of a natural gas or propane fueled unit meeting and 

exceeding SECA goals.   
 
The research and development to achieve the above goals can be listed in three major  
sub-tasks:   
 

1. System development and integration – In this task work is focused on the 
functionality and cost reduction of major BOP components.  Thermal 
hydraulic components are being developed and tested as well as the 
necessary control strategies.  Power electronics and control hardware is 
being refined and cost reduced to meet the goals of the program.  Work is 
also concentrating on the rmal recovery and burner designs for stationary 
and mobile applications. 

     
2. Cell Technology Development – In this task work is focusing on 

improvements in cell power density through material changes and 
refinements.   Composition and morphology of the anode, electrolyte, and 
cathode are all being addressed to increase cell power.   

   
3. Stack Technology Development – In this task work is focused on 

generator design and assembly to reduce cost and improve reliability.  
Connections to the anode and cathode fo r current collection are being 
optimized.  Casting of insulation to net shape or near net shape is also a 
focal point for cost reduction. 
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EXECUTIVE SUMMARY 
Acumentrics Corporation has focused during the latest six-month budget period of the 
SECA program on the design and manufacture of micro-tubular SOFC power systems 
approaching twice the power density now achieved from state of the art anode supported 
tubular designs.  By developing a common stack design with high power density cells 
capable of meeting the SECA cost targets, a number of markets will be opened to this 
technology.  Present markets being focused upon include telecommunication, remote 
residential, and military markets. Operation on fuels including natural gas and propane 
will be developed for the telecommunication and remote residential markets.  These fuels 
will be developed and demonstrated during Phase I of the program.  Operation on liquid 
fuels, including diesel and JP-8, will be developed for the military markets.  These fuels 
will be developed and demonstrated during Phases II and III of the program.   
 

The overall goals of Phase I of the program, which represents three years of development, 
include:  

1. Design of a common low cost generator to meet all chosen markets.   
2. Development of an anode supported micro-tubular cell capable of twice the power 

density presently achieved.   
3. Prototype testing of a natural gas or propane fueled unit meeting and exceeding 

SECA goals.   
 
The research and development to achieve the above goals can be listed in three major  
sub-tasks:   
 

1. System development and integration – In this task work is focused on the 
functionality and cost reduction of major BOP components.  Thermal hydraulic 
components are being developed and tested as well as the necessary control 
strategies.  Power electronics and control hardware is being refined and cost 
reduced to meet the goals of the program.  Work is also concentrating on thermal 
recovery and burner designs for stationary and mobile applications. 
     

2. Cell Technology Development – In this task work is focusing on improvements 
in cell power density through material changes and refinements.   Composition 
and morphology of the anode, electrolyte, and cathode are all being addressed to 
increase cell power.   

   
3. Stack Technology Development – In this task work is focused on generator 

design and assembly to reduce cost and improve reliability.  Connections to the 
anode and cathode for current collection are being optimized.  Casting of 
insulation to net shape or near net shape is also a focal point for cost reduction. 

 



 3

During this past budget period, a number of accomplishments were made.  They include: 
 

• Demonstrated a Tubular SOFC achieving >40W/tube: The latest 
advancements in larger diameter tube technology and multiple take-off 
connections have been integrated into a single cell design.  This cell has since 
been electrically tested and achieved over 40W from a single cell.  This power 
level is more than twice the power achieved by a single anode supported fuel cell.  
It is believed with some further advancement this same cell will achieve between 
50-60W. 

 
• Cell Testing Exceeds 11,000 hours of Operation: Three cells have achieved 

more than 55 thermal cycles and 11,000 hours of testing at 75%FU.  Degradation 
rates have been less than 3/4th required of the SECA Phase I goal. 

 
• Successful Fabrication and Testing of a Closed End Isopressed Anode Tube: 

Anode tubes, presently fabricated by extrusion, have been manufactured through 
isostatic pressing containing an integral closed end.  Successful completion of this 
development allows the reduction in the number of steps required to make an 
anode tube from four to one significantly decreasing cost.  This process also 
decreases the total manufacturing operation by removing the need for a metallic 
braze cap presently used to form a closed end. 

 
• Demonstrate a Tubular SOFC achieving >60W/tube: Further advancements in 

larger diameter tube technology and multiple take-off connections have been 
integrated into a single cell design.  These advancements take the single cell 
power from 5W/tube at the start of the SECA program to >60W at this point. 

 
• Cell Testing Exceeds 13,000 hours of Operation: Cells that have been on test 

for 12,253 (and 59Thermal Cycles) and 13,429 (70 Thermal Cycles) have been 
taken off test for analysis.  These cells operated at or above 75% fuel utilization 
for the entirety of the test achieving high efficiency.  The results of this post test 
analysis will be used to enhance further generations of anode supported SOFC’s. 

 
• Ceramic Interconnection Stack Test Exceeds 1400 hours of Operation: The 

first small stack test incorporating ceramic interconnections has exceeded 1400 
hours of operation and completed thirteen thermal cycles.  To date, there has been 
no noticeable degradation.  Further testing will be completed in the next six 
month period. 
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Task 1.0 – System Development and Integration 
 
Subtask 1.1 – Prototype Stationary System Design 
 
A Failure Mode Effect Analysis (FMEA) for the 5 kW generator for NETL Fuel Cell 
Test Facility was completed and submitted to DOE. 
 
A preliminary energy balance for a stationary system utilizing the larger diameter, 
chromite-banded cells were prepared.  220 cells will be capable of producing over 5000 
watts at 35% net DC efficiency, 75% fuel utilization and with partial oxidation fuel 
processing.  The generator will be capable of a higher peak power.  CAD modelling of 
this stack configuration has been initiated.  The “bundled” cell/current collection 
arrangement will be utilized in the design. As described in detail in Sections 3.3, cell 
bundles will be sintered together with anode to cathode connections being made through 
sintering of the cathode braid directly onto the chromite interconnect bands of adjacent 
cells. 
 
The generator consist of two single plenum stacks each consisting of 110 cells.  The cells 
are oriented in a vertical configuration with cathode airflow in an axial direction relative 
to the cells.  In this model, a once through anode flow configuration is shown with the 
ends of the cells fitted with a cap to ensure off gas oxidation away from the cells.  The 
vertical configuration is also amenable to an off gas collection configuration with an 
injector tube and off gas plenum built into the fuel plenum.  This alternate configuration 
will permit the use of closed end isopressed cells. 
 
Methods of incorporating a 15 mm diameter, 40 cm long, 3 chromite band cell into 
Acumentrics 4 stack, horizontal manifold, standard generator geometry were 
investigated.  A stack CAD model incorporating this cell was prepared and a generator 
model utilizing this stack was generated.  This stack/generator configuration is now 
planned to serve as the Phase I stationary generator. 
 
Subtask 1.2 – Prototype APU System Design 
 
No work was performed on this topic during the latest six-month period. 
 
Subtask 1.3 – Control Strategy Development 
 
Work continued on debugging of false positives in the fault detection logic. An 
investigation into a new sparse data storage format has been initiated. 

Variants of the controller firmware have been developed to facilitate fuel characterization 
studies, including natural gas pre-reforming and operation of stack scale parts on 
hydrogen. 
 
A re-design of the current fuel-cell controller hardware has been undertaken to 
consolidate the three control boards currently used as well as four additional signal-
conditioning circuit boards and power-supply elements onto two circuit boards. This 
redesign will also incorporate a newer micro-controller chip to meet the increased control 
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and communications burden, and standardize the control firmware to the greatest extent 
possible. Cost estimates predict a one-third reduction in control system parts cost for a 
fuel cell system. 
 
Firmware control has been refined to provide for automated start-up of a fuel pre-
reformer. 
 
Design of the replacement fuel cell controller board is ready for review and layout is 
proceeding.  The board will be ready for ordering by the middle of January, with first 
samples arriving in late February or early March. 
 

 
Figure 1: Partial Layout of New Fuel Cell Control Board 

 
A number of test circuits were built to minimize the risk associated with new designs on 
the fuel cell control board. A selection of these test circuits is shown in Exhibit 1, with 
one circuit connected to a DSP development board. 
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Exhibit 1: Test Circuits for Control Board Developments 

 
 
Subtask 1.4 – Heat Recovery 
 
A report documenting the performance results of the ceramic recuperator testing to date 
was completed.  This report summarizes the test results, as well as providing 
recommendations for continued development activities to improve the performance of the 
ceramic heat exchanger technology.      
  
The three pass, cross flow ceramic recuperators tested did not meet the performance 
criteria of >80% effectiveness required for the Acumentrics 5 kW SOFC generator; the 
three pass ceramic units achieved between 68-72 effectiveness.  This deficit can be 
attributed to the lack of heat transfer surface area within the core volume.  It is uncertain, 
however, how much the leakage of the ceramic cores contribute to the low performance. 
Figure 2 shows the effectiveness of the tested recuperators versus heat transfer surface. 
Although this is a simplified way of comparing the heat exchangers, since performance is 
affected by configuration and heat transfer coefficients as well as overall surface area, it 
does provide some insight into comparing similar geometries. The performance of the 
ceramic unit exceeds that of a bent tube unit of comparable surface area but the graph 
suggests significantly more heat transfer area is required in the three pass cross flow 
configuration to achieve 80% effectiveness.    
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Figure 2: Recuperator Effectiveness vs. Heat Transfer 

 Effectiveness vs. Primary Surface Area 
 
Given these results, the following development activities have been proposed to help 
make the ceramic recuperator a viable technology for the SOFC generators.  Discussions 
have been initiated with the vendor to outline a path forward. 
 

1) Methods of increasing the amount of heat transfer surface within the core volume 
should be explored.  This could be achieved by reducing the wall thicknesses in 
the current design, thereby increasing the number of flow passages, or by the 
introduction of “fins” or scalloped features on the air and gas passages.   

 
2) Building on the knowledge gained in producing the cross flow unit, a counter 

flow version of the ceramic core should be developed.  As shown by the 
performance of the metallic counter flow unit, significant improvements in 
effectiveness can be realized in the counter flow configuration.  This 
improvement is realized not only by the change in the NTU-Effectiveness 
relationship of this configuration but also by the fact that exhaust side velocities 
and hence, heat transfer coefficients, can be increased substantially with this 
geometry.  This outcome is achieved at the expense of increased exhaust side 
pressure drop and additional ducting however, Acumentrics is working on 
generator configurations whereby this decoupling of the stack geometry from the 
recuperator geometry will lead to overall cost reduction if a low cost ceramic 
recuperator is available.  The generator designs will also be more conducive to 
sealing the stack chamber which is necessary since the higher exhaust side 
velocities will result in higher chamber back pressures. 
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Figures 3 and 4 show a model of how this recuperator can be configured.  The model 
shows a counter flow recuperator of similar dimensions to the cross flow unit but with 
both the air and exhaust passages in the same direction.  In this configuration, the air 
passage cores would be pulled from one direction and the exhaust passage cores from the 
other.  To achieve the exhaust outlet passages shown at the top of the recuperator, a 
transverse core would engage with the axial cores.  The purple areas shown on the front 
face of the recuperator are ceramic plugs used to seal off the exhaust passages and form 
the exhaust outlet passage on the bottom face of the unit.   

 

 
 Figure 3: Ceramic Counter Flow Recuperator Model 

 

Figure 4:  Detail of Counter Flow Recuperator Exhaust Inlet and Air Outlet Faces 
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3) Additional information should be obtained on the cost and performance of a 

“hybrid” heat exchanger configuration where a single pass of a ceramic 
recuperator is used in combination with a high effectiveness, low temperature 
metallic plate or fin core recuperator.  This arrangement will take advantage of the 
high temperature capability of the ceramic unit and allow lower grade material, 
more compact metallic units to be utilized, thereby potentially lowering the 
overall cost. 

 
A subscale, shell and tube, counter flow heat exchanger capable of serving as the cathode 
recuperator on the 16 cell, “bundled” module was designed.  Table 1 gives the 
recuperator specifications; this specification was also submitted to vendors for quotation.  
The in-house designed unit will consist of 27 – 3/16” OD tubes, 20 inches long.  The tube 
sheet layout is shown in Figure 5. 
 

Table 1: Subscale Recuperator Specification 
 
 

 
   

Flow Rate Kg/hr 4.4 
Inlet Temperature oC 900 

% 76.2 
% 15.1 
% 5.9 

Exhaust Side  Composition:  N2 
  (Vol Basis)   O2 
                       H2O 
                       CO2   % 2.8 

    
Flow Rate kg/hr 4.9 
Inlet Temperature oC 25 
Outlet Temperature oC 750 Air Side  
   

    
Pressure Drop (Air + Exhaust) Pa 1250 
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Figure 5: Recuperator Tube Sheet Arrangement
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CFD modeling of a counter flow ceramic recuperator was initiated to evaluate methods of 
improving the performance of the ceramic recuperator.  The configuration of the counter 
flow unit is shown in Figure 6.  To simplify the analysis three air passages and four 
exhaust passages were included which represents one-eight model of the projected full 
scale flow passages.  Both the air and exhaust passages are 2” by 0.25” and the wall 
thickness is 0.25”.  This is a close approximation of the passages included in the three 
pass cross flow unit tested.   Evaluation of mesh refinement requirements is underway. 

 

 

Air Out

Exhaust In

Exhaust In

Air In

Air Out

Exhaust In

Exhaust In

Air In

 
Figure 6: Counter Flow Heat Exchanger Model 
 
Manufacture of the subscale cathode air recuperator to be used as part of a “sintered 
bundle” tester as described in the previous monthly was completed.   

CFD modeling of a counter flow ceramic recuperator continued in an effort to determine 
methods of improving the performance of the ceramic recuperator.  To simplify the 
analysis three air passages and four exhaust passages were included which represents a 
one-eight model as far as the flow passages are concerned.  Both the air and exhaust 
passages are 2” by 0.25” and the wall thickness is 0.25”.  This is a close approximation of 
the passages included in the three pass cross flow unit tested. The temperature contours 
of the air and exhaust passages for the model with an overall length of 24 inches are 
shown in Figures 7 and 8.  Figure 9 shows the effect of length and throughput on the 
recuperator performance.  
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Figure 7: Exhaust Passage Temperature Contour – 24 Inch Length 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 8: Air Passage Temperature Contour – 24 Inch Length 
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Figure 9: Effectiveness versus Length and Flow Rate  
 
Several low cost, hot water heat exchanger cores were obtained from a vendor to help 
with evaluating how hot water heat recovery can be combined into the stationary 
generator design in a cost effective way.  Methods of integrating these standard cores into 
the generator design and how to integrate the water circuit into the existing hot water 
system of residential and commercial buildings are being investigated.  
 
Additional subscale CAD models of the counter flow ceramic recuperator were prepared 
to permit further CFD analysis of the recuperator performance.  Wall thickness and 
passage width have been varied.   
 
Subtask 1.5 – Burner Design 
 
Burner operating hours have continued to be accumulated on bundle testers, stack testers 
and generators.   
 
A new burner was manufactured and installed in the cell reduction furnace.  The 
temperature uniformity within the furnace had degraded with time and this was found to 
be partly a result of non-uniform fuel flow from the burner ports.  Inspection revealed 
that some of the ports were blocked due to distortion of the internal distribution tube.  
This internal tube was eliminated from current burner designs some time ago because of 
this problem but the reduction furnace was us ing an early generation burner.  The new 
burner was built with a single fuel distribution tube.  The system was operated with the 
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new burner and temperature uniformity and heat up times were greatly improved.  Repair 
of refractory walls, which have received considerable wear with constant loading and 
unloading of the furnace were also made at this time. 
 
Repair and calibration of on line combustion gas analyzers (CO, O2, CO2 and Nox) was 
performed to permit continuous monitoring of the generator flue gas. 
 
 
Subtask 1.6 – Gas Utilities 
  

No work was performed on this topic during the latest six-month period. 
 

Subtask 1.7 – AC/DC Inversion 

The inverter control board schematic design was completed.  It has evolved such that it 
can now support three-phase as well as single phase / split-phase applications.  Analog 
I/O was expanded to read in primary voltage and currents for up to six PWM amplifiers, 
as well as both line and secondary voltage and current signals for up to three phases.  
Optocouplers were added to the CAN and RS-232 communications circuitry to provide 
electrical isolation between the inverter control ground and any devices that will be 
communicating with the inverter.   
 
Having completed the schematic design, board layout has begun.   
 
A conceptual design of the fuel cell inverter system was undertaken to provide an 
approximation of sizing and component layout.  The initial specifications driving the 
design are the following: 
 
1. 5KVA output: 220 Vac split phase; 50 Hz / 60 Hz 

• 5KVA must be sourced from either the battery or fuel cell.  This inherently 
gives a 10KVA overload capability 

• Limiting factor will be transformer size:  thermal and flux capability 
 
2. DC input:  40 Vdc – 80 Vdc 

• Primary phase power driven by low end voltage:  28 Vrms @ 92.5 Arms  
 

3. Same transformer reconfigurable for 220 Vac split-phase, 110 Vac or 230 Vac single 
phase, or three-phase  

 
4. Thermal management:  Air-cooled 
 
5. Base configuration implements a discrete / modular full-bridge PWM amplifier 

driving each phase output 
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6. The control board is designed to support independent voltage and current regulation 
of six amplifiers, along with monitoring of dc input sources and all six phase output 
voltages / currents.   

 
A preliminary system-packaging concept for a four-bridge split-phase application is 
completed.  DC input power from the batteries and fuel cell is distributed to the four 
amplifiers via a power backplane assembly.  Each of the amplifiers will drop down onto 
the backplane assembly where electrical and mechanical connections will be made.   
 
Inverter control board layout has been completed, and first samples have been received. 
A schematic for this board is shown in Figure 10. Once these blank-boards are received, 
board assembly, debug and functional testing will proceed. 
 
A preliminary design for testing of the final inverter power hardware has been developed 
and some “long- lead” test equipment has been ordered. 
 

 
Figure 10: Inverter control board layout. (10” x 7” approx.) 
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Task 2.0 – Cell Technology Development 
 
Subtask 2.1 - Anode Tube Composition Optimization 

Collaboration with a vendor has produced a number of closed-one-end (COE) tubes by 
isostatic pressing (IP).  These tubes were fabricated into cells at Acumentrics and 
evaluated for performance.   

A number of investigations of these tubes were performed, these are detailed below. 

1.  An investigation into the IP wall profile at the closed end of the tube was 
conducted for two tubes.   

The two tubes evaluated were 054-5226-28 C and 051-5226-28 D, which had measured 
wall thicknesses of 2.0mm and 1.5mm respectively in the main body of the tube.  The 
closed ends of the two IP tubes were sectioned and measurements taken at various points 
around the closed end wall.   
 
Outcome 
Figures 11 and 12 show the tube profiles and where each measurement was taken.  The 
measured thickness values can be found in Table 2. 
 
 

 
 
 
 

Figure 11:  X-sectional profile of 054-5226-28 C.  
Thickness measurements were taken at positions 

a, b, c, d, and e 
 b

c
d

ea

b
c

d

ea
Figure 12: X-sectional profile of 051-5226-28 D.  

Thickness measurements were taken at positions a, b, 
c, d, and e 
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Position 054-5226-28 C 051-5226-28 D 

a 2.32 mm 1.73 mm 
b 3.99 mm 3.41 mm 
c 2.28 mm 2.80 mm 
d 3.27 mm 3.50 mm 
e 1.70 mm 1.49 mm 

Table 2: Thickness measurements of IP tubes 
 
The values recorded in the table above show that the wall thickness at the closed end of 
the tube vary significantly for both the 1.5 and 2.0mm tube wall thickness. 

2.  Microscopy recorded for two IP tubes of 1.5 and 2.0mm wall thickness in the 
oxidized and reduced states   

Micrographs have been recorded for two oxidized IP tubes with electrolyte coating and 
two reduced IP tubes at magnifications of x200, x500, and x1000.  The thickness of 
electrolyte on the oxidized tubes was determined by averaging 10 measured values taken 
from at least three different places around each tube. 

 

A further number of different experiments were completed concerning isostatically 
pressed tubes, these are detailed below. 
 

In this study the apparent porosity, bulk density, and resistance have been investigated at 
different intervals along the length of two reduced IP tubes with a wall thickness of 
approximately 1.5 and 2.0 mm respectively. 

Two tubes were cut into four sections each along their length and analyzed using ASTM 
C373-88 for apparent porosity and bulk density.   
 
Figure 13 represents where the four sections were cut from with section 1 closest to the 
flange and section 4 closest to the closed end of the tube.   
 
 
 
 
 

Figure 13: Tube cut in sections to test apparent porosity and bulk density 
 
 
 
 
 
 
 
 
 

1 2 3 4 
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Tube 
Thickness Section 

Apparent 
Porosity 

Bulk 
Density 

mm  % g/cm3 

1.5 1 26.2 5.36 
1.5 2 26.5 5.36 
1.5 3 26.7 5.38 
1.5 4 26.6 5.35 
2.0 1 26.9 5.38 
2.0 2 27.1 5.37 
2.0 3 27.2 5.37 
2.0 4 27.0 5.37 

 
Table 3: Shows bulk density and apparent porosity data recorded for each tube 
section 
 
Within the bounds of this experiment and considering experimental error, there does not 
appear to be a trend in either apparent porosity or bulk density along the length of the IP 
tubes investigated. 
 
There does however appear to be a slight difference in the values measured for porosity 
between the thick and thin walled tubes, which is not mirrored by the bulk density data.  
One reason for this could be the inclusion of closed porosity in the tubes. 
 
The resistance for each tube section was then determined using a 4-point DC probe test at 
room temperature.  Table 5 displays the resistance values and the measured length for 
each tube section. 
 
 

Tube 
Thickness Section Resistance Length  

mm  mO mm 
1.5 1 0.69 97 
1.5 2 0.74 107 
1.5 3 0.68 91 
1.5 4 0.74 107 
2.0 1 0.53 91 
2.0 2 0.58 102 
2.0 3 0.54 89 
2.0 4 0.59 105 

Table 4: Resistance values and tube measurements 
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Using calipers, the outer diameter of each tube section was measured so that the cross 
sectional area could be determined and from this the resistivity and conductivity 
calculated, shown in Table 6. 
 

 Tube 
Thickness Section Resistivity  Conductivity  

mm  O . cm S . cm-1 

1.5 1 6.88 E-05 14529 
1.5 2 6.67 E-05 14989 
1.5 3 7.20 E-05 13880 
1.5 4 6.67 E-05 14997 
2.0 1 7.52 E-05 13305 
2.0 2 7.30 E-05 13692 
2.0 3 7.80 E-05 12819 
2.0 4 7.21 E-05 13873 

Table 5: Resistivity and Conductivity Results 

Since both thin and thick walled tubes were fabricated from the same stock material, all 
other things being equal, sections from both tubes should have similar resistivities. The 
tube with a thinner wall however had a lower nominal resistivity and therefore a higher 
conductivity than the thicker walled tube for every measured section.   

 
In order to improve anode cermet performance, two additional cermet blends were 
received to be evaluated by Acumentrics.  Both cermet blends consisted of 50/50 vol% 
Ni/YSZ.  One of the cermet blends SNZ 401W contained 0.5wt% WO3 while the other, 
SNZ401, was formulated as a control material without added WO3.   
 
Initial investigative trials on pressed sintered disks of the two anode materials and 
Acumentrics standard cermet revealed, that at room temperature, both the SNZ401 and 
the SNZ401W had reduced resistance by 26 and 44% respectively, compared to 
Acumentrics standard cermet.  Resistance measurements at 900°C were also carried out 
on the same pressed discs and again found significantly reduced resistance with respect to 
Acumentrics standard cermet material.  All resistance measurements were performed 
using a DC 4 point probe setup. 
 

Cermet Qualification 
Particle size data for the SNZ 401 and SNZ 401W were compared to Acumentrics 
standard cermet AE03-21 and are presented graphically in Figure 14.   
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Figure 14: Particle Size Distributions for SNZ-401, SNZ-401W, and AE03-21 

 
Particle size distribution data showed that the SNZ-401 powder was comparable to 
standard production powder through the majority of the distribution, but has a slightly 
narrower distribution overall.  The SNZ 401W however contained an increased number 
of particles that were slightly larger than both the SNZ-401 (control) and the standard 
AE03-21.   

 Tube Batching/Extrusion 
After completion of the powder characterization, several mixes were prepared and 
extruded for both powders.  Water contents are after adjusting for powder moisture 
content. 

After mixing according to standard operating procedure, mix 1 appeared to be wetter than 
desirable and as such a reduced quantity of water was used for mix 2.  Once mixing had 
been completed, tubes were extruded from mixes 1 and 2 according to standard operating 
procedure.  Tubes were measured for post-extrusion length, dried, and re-measured for 
post-drying length.   

 
Mixes were then prepared and extruded for SNZ-401W.  It was considered that the first 
mix was slightly too dry so more water was added to the subsequent mixes.   

Both mixes were prepared following standard operating procedure and mixed well.  After 
mixing, both mixes were extruded following standard operating procedure.  Again, length 
was measured after extrusion as well as after drying.   
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Both SNZ cermets extruded well, but the drying shrinkage, for both cermets, was more 
than double what is typically seen for Acumentrics standard production material of 
approximately 4.5%.   

 

Bisque Firing 
Post drying, the SNZ tubes were bisque fired in the production furnace.  After bisque 
firing, the tubes from both SNZ cermets appeared to be denser than Acumentrics standard 
bisque fired tubes.  The bisque shrinkage was measured and a number of tubes were then 
evaluated for strength using a 3-point bend test fixture attached to an Instron.   
 
Electrolyte Coating and Sintering 
A number of tubes from each SNZ cermet were then coated with electrolyte to determine 
whether a dense coating could be applied, since the bisque tubes for both SNZ materials 
had shrunk significantly more than Acumentrics standard cermet.  After electrolyte 
coating, the tubes were sintered.   
 
Upon inspection, after the sintering cycle, the electrolyte coatings looked poor and 
appeared to be thin.  Only a couple of the SNZ 401 cells passed the visual inspection for 
the electrolyte coating.  The SNZ 401 and 401W tubes were then coated with cathode and 
then reduced.   
 
QC Leak Testing 
After the reduction process, both SNZ 401 and SNZ 401W cells were leak checked and 
the anode-to-anode resistance was measured using Acumentrics leak and resistance QC 
test device.   
 

All of the SNZ-401W cells had high cathode-to-cathode resistance values as tested by 
Acumentrics QC device.  The reason for this is unknown but could be due to poor contact 
between the probes and the tube during QC since the SNZ tubes shrink to a greater extent 
than Acumentrics tubes and therefore have a smaller diameter.  Also, this reduced 
diameter of the SNZ tubes could have lead to reduced cathode pick-up due to the nature 
of Acumentrics coating process.   

The leak rate results and the anode resistance measured from one end of the tube to the 
other are comparable to results typically obtained for the standard AE cermet.  This was 
unexpected and will be discussed further later in this report.   
 
The cells processed from SNZ-401 could not be reduced without defects in the electrolyte 
produced from sintering and reduction.  A flame front for some of the SNZ-401 cells 
produced during the reduction caused the electrolyte to delaminate.  As a result only one 
cell produced from the SNZ-401 batch was deemed good for cell testing.  

 
Ni Content Determination 
After bisque firing, some of the tubes from each cermet type were sintered without 
coating with electrolyte, after which they were reduced in hydrogen.  These samples were 
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then used to determine the nickel content, resistivity, conductivity and strength of the 
tube.   
 
Through weighing SNZ401 and 401W tubes before and after reduction, it was calculated 
that both cermets have a nickel content of 50% by volume which is equal to Acumentrics 
standard material. 
 
Cermet Resistivity and Conductivity 
After reduction, the resistance of the SNZ tubes was measured using a 4-point DC probe 
test at room temperature.  The SNZ 401W cermet with 0.5% weight addition of WO3 has 
a lower resistivity by greater than 40% with respect to Acumentrics standard AE cermet 
and 18% lower when compared to SNZ 401.  However, this was not observed when 
samples of extruded tube were prepared and tested at Acumentrics.   
 
Cell Testing 

Four SNZ-401W cells were brazed and cell tested under standard conditions of 800°C, 
75% fuel utilization and 150mAcm-2.  These cells were tested exclusively in CTS 14.   
 
The initial potential for the SNZ-401W cells was in the region of 180 to 230 mV below a 
standard Acumentrics cermet cell, after 72 hours on test.  At 124 hours into the test an 
anode shift was performed on the cells where the fuel provided was diluted and the 
subsequent drop in potential recorded.  This test is to probe the nature of the anode 
material and the interface with the electrolyte.   
 
A standard Acumentrics cell has an anode shift value in the region of -32 mV.   The 
anode shift results for the SNZ-401W cells was comparable, suggesting that mass transfer 
issues on the fuel side are comparable to standard cells.     
 
The SNZ-401W cells slowly climbed throughout the cell test and were continuing to rise 
when the cell test was terminated.  However, even after 300 hours under load, the SNZ-
401W cells were still 160 to 200 mV below the mV value expected for Acumentrics 
standard cells. 

Two IR measurements were taken during the cell test.  These cell test IR values are 
significantly higher than would be expected for Acumentrics standard cells.  A proportion 
of the increased IR must be the result of the high observed cathode to cathode resistance 
values.  
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Subtask 2.2 – Electrolyte Composition 
 
No work was performed on this topic during the latest six-month period. 
 
Subtask 2.3 – Cathode Composition 
 
No work was performed on this topic during the latest six-month period.  
 
Subtask 2.4 – Cell Testing 
 
Highlights of testing include the testing of a 2.5cm diameter/3- interconnection iso-
pressed cell with a closed end.  This cell was put on test with the knowledge that the 
interconnection nearest the closed end (at the gas inlet due to the injector) was leaking 
due to an error in spraying the interconnect; the material did not cover the gap between 
the electrolyte and anode adequately. Results indicated the cell had a leak, forcing the 
running of the cell at 50%FU.  In addition, when the cell was cooled for observation, it 
was discovered the seal at the open end was not adequate, resulting in the loss of the 
entire cathode between the 1st interconnection and the open end.  Despite this loss, the 
cell was observed to produce the Vjs observed in Figure 15.  The leak is clearly evident 
in the low current density data.  The cell produced about 39.3W at 800oC and 41.9W at 
850oC when operated normally.  (These are not peak powers, but the power at which the 
cell was operated during the test.)   
 
If the loss of ¼ the surface are is taken into account (ignoring the poor resulting current 
density distribution with the off-center interconnections in that case and the large leak 
rates), a power density of 238mW/cm2 at 800oC and 254mW/cm2 at 850oC was observed.  
For the very first test of this system, these results are excellent, suggesting that with 
improvements in cell sealing (mechanical in nature), Acumentrics should be able to 
achieve the desired peak 60W/cell mark in cell testing. 
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Vj @ 50%FU @ 850°C 
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Figure 15: Three IC Test Results 

 

Modeling 
A model of a single braze fuel cell was developed on a finite element platform (Femlab 
3.1 , Comsol, Inc.) and used to simulate the performance of 22m cells with 3 
interconnects. The cell is modeled as axi-symmetric. The accuracy of this approximation 
depends on the efficiency of the current collection system. In the model the silver current 
collector is approximated as a conducting sheath of the same cross-sectional area of the 
silver braids currently used.   
 
The typical Acumentrics fuel cell is 330mm long, 14.5mm diameter, with an anode 
support tube of thickness 1.5mm, an electrolyte thickness of ~25µm and a cathode 
thickness of ~35 µm. The vastly disparate length scales make it computationally 
impractical to mesh without first appropriately scaling the differential equations 
describing the geometry. 
 
By appropriately scaling the radial dimension of the YSZ electrolyte and LSM cathode 
collector by a factor of 100, it is possible to create a mesh for the anode tube, electrolyte 
and cathode current collectors with a reasonable number of elements.  In this first model, 
the actual anode and cathodes ( i.e. where the electrochemical reactions occur), are 
approximated with the application of the Butler-Volmer equation at the inner and outer 
surfaces of the electrolyte.  
 
A working model of a single braze fuel cell at isothermal conditions was developed and 
tested on the Femlab 3.1 platform ( Comsol, Inc.) . The parameters used are given in 
Table 7. 
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Symbol Description Value Unit 
σE Electrical conductivity of electrolyte  0.024 S cm-1 
σA Electrical conductivity of anode cermet  3000 S cm-1 
σC Electrical conductivity of LSM   60  S cm-1 
σAg Electrical conductivity of silver  142857 S cm-1 
σLC Average electrical conductivity of LC 10 S cm-1 
tE Electrolyte thickness 2.5×10-3 cm 
tA Anode support tube thickness 0.15 cm 
tC Cathode LSM current collector thickness 3.5×10-3 cm 
tLC LC thickness 5.0×10-3 cm 
AAg Cross sectional area of silver bus-bar/collector 0.16 cm2 
JOC Cathode exchange current density 0.1  A cm-2 
JOA Anode exchange current density 2.0 A cm-2 
DH2 Binary diffusivity of H2-H2O  8.6 cm2 s-1 
DE Effective H2 diffusivity in anode cermet  0.86 cm2 s-1 

Table 6: Model Parameters  
 
The model was applied to a 22mm cell of cathode surface area 227cm2. In the simulation 
it is possible to force each of the anode (or cathode) taps to be at the same potent ial. 
However, for experimental cell testing, silver braids are used to connect the taps at each 
electrode. Since these buses have finite conductivity the taps at either electrode are 
typically not at the same potential. This effect has been included in the model by 
including 2 x1-D geometries to represent each bus. For instance, in the case of the anode, 
the current and potential from each tap is coupled to a node on the 1-D wire representing 
the bus.  
 
 
 
 
 
 
 

 
 

Figure 16: 22mm Cell Current Takeoffs 
 
 
The simulated VJ curve for the case described in Figure 16 is compared against some 
experimental data in Figure 17. 
 

Tap 1 Tap 2 Tap 3 
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Figure 17: Simulated and experimental VJ curves, 75% FU 
 

V refers to simulated and X refers to experimental data for a 22mm isostatic pressed 
anode support tube. Experimental VJ was taken at 142 hours. Peak performance was 
obtained at about 233 hours. 
 
The simulated performance is much higher than that obtained experimentally, however 
this experiment was the first of its kind with the new technology and there were some 
processing difficulties. First, it is noticeable that the predicted outlet Nernst potential is 
only ~0.75V in the experimental case. This is commensurate with a utilization of ~98%, 
suggesting issues with leaking fuel or electronic leaks. This cell, in fact, has been mostly 
run at 50% fuel utilization during its testing lifetime. The simulated performance is more 
in line with expectations, given the reduced current paths 
 
Two additional 2.2cm diameter cells with three chromite interconnections were placed on 
test.  They have been operating at about 34W at 800oC and 300mA/cm2/ 75%FU.  This is 
in line with the previous performance of the single large cell test.  However, the cells are 
beginning to show degradation; it is expected this is due to the incompatibility of the 
cement used in the construction of the gas inlet, which is an alumina tube configuration.  
This will need to be corrected in future experiment.  The FU curve has also shown a more 
sensitive response than standard tests.  This may be due to the larger tube and greater 
diffusion distance presented for the H2.  This distance will be adjusted in future test by 
the use of a larger gas feed tube. 
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CTS 15 has been taken down for re-work to allow for the use of CPOX gases in 
controlling cells.  This rework is expected to take at least one month with major changes 
to plumbing, mass flow control, the safety control system, the software, and additional 
temperature and pressure monitoring required.  It is ant icipated that each cell station 
within the stand will have it’s own CPOX pre-reactor for the complete reaction of the 
incoming gases, and to allow a consistent delivery to the cell. 
 
A quick analysis of the current fuel utilization experienced in cell testing was performed.  
Theoretically, the FU utilization curve, without concentration effects or leaks, is limited 
by the outlet Nernst potential, which can be calculated for a given inlet gas and utilization 
at a set temperature.  Figure 18 shows the results of a direct comparison between the 
changes in the outlet Nernst per percent FU to the measured FU curve in cell testing: 
 
 

Comparison of theoretical and actual FU curves
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Figure 18: Fuel Utilization Test Comparison 

 
As can be seen using the Outlet Nernst potential, there is, at very low FU, a large change 
as the amount of H2 in the system increases rapidly (due to the change in the log term), a 
flat portion as the log term does not change orders of magnitude, and then a sharp 
increase at about 80%FU, where the change in concentration results in large changes in 
the magnitude of the percentage of fuel remaining.  In comparison to a standard cell test 
curve, it is clear that for much of the range of useful FU, there is a strong correlation to 
the theoretical curve, showing that we are not concentration limited.  However, as the FU 
increases above 80%, the experimental cell shows extreme sensitivity to the curve.   
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Two reasons can be suggested:  the first is the presence of small leaks, which would not 
manifest themselves in the curve until the FU is relatively high (the smaller the leak, the 
higher), and thus effectively “push” the curve to the left; the other is that our 
concentration dependence (in mass transfer and/or charge transfer) is very sensitive, and 
when local concentrations are not high enough, there is a significant penalty to pay. 
Nonetheless, it is important to note that the differences are at high FU numbers, >80%.  
For thermal and hydraulic reasons, complete generators have difficulty running at such 
high numbers, unless a recycle stream is used.  For this reason, it appears that our 
previous argument that the cell is limited primarily by resistance, and needs multiple 
takeoffs to minimize that resistance, is validated by the comparison. 
 
From previous experiments, it is clear that the apparent higher power density of the 
15mm cells is due to the effective length of the cathode utilized.  Four sections, with a 
total length of 33cm, resulted in much shorter cathode length than four sections with a 
total 40cm length.   
 
 
 

Figure 19: Power Dens ity of 22mm (large) and 15mm Cells 
 
Clearly, the goals of the Phase I program have been achieved in terms of cell power.  It 
now becomes an issue of total cost and operation of a generator with the available cell 
designs.  The three-chromite geometry is clearly the best cell produced to date, and 
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should be able to achieve the required cost and power targets, resulting in a <$800/kW 
Phase I generator. 
 
 
Task 3.0 Stack Test Development 
 
Subtask 3.1 – Cathode Current Collector Improvements 
 
No work was performed on this topic during the latest six-month period. 
 
Subtask 3.2 – Anode/Cathode Current Collection 
 
One of the limiters in terms of cell performance is the conductivity of the anode bus.  
This issue is presently being addressed in two ways.   
 

1. Higher Ni content and differing particle morphology cermets are presently being 
evaluated.   

2. Work has been initiated to apply lanthanum chromite bands along the length of 
the cell.  This will allow the fabrication of longer cells with a number of current 
take off positions or chromite bands along the length.   

 
Silver Braid-to-Silver Braid Crimping Methods 
Three methods of series cell connection were tested to determine which method would be 
the most satisfactory (Ag tab/spring clip combination, Ag braid/crimp combination & Ag 
braid/spring clip combination) for the next generation stack design.  
 
It was decided to thermally test the crimping method to verify the assembly method and 
to confirm that a good electrical connection good be made. This was the preferred 
method since this formed a connection with a standard, known geometry (typical crimp 
geometry) and used a standard tool to form the crimp. 
 
Originally, the crimp connector was going to be made from silver (same material as the 
braids), but this was cost prohibitive.  
 
It was then decided to make the connector from Inconel® 600 to save on cost and to make 
a more durable crimp.   
 
A number of leads (four standard braids per lead) were crimped using an Inconel® 600 
tube (3/16” od x 0.020” wall thickness x ¼” long) as a connector, and placed into a 
furnace for thermal cycling tests to 800°C for 17 hours, every 24 hours. 
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 Figure 20: Various crimps using an Inconel® 600 sleeve  
 
After 5 thermal cycles, the crimps retained a tight connection to the silver braid and the 
braids were fused together making good electrical contact.  This was considered a success 
and will be further tested in a next bundle test. 
 
Silver to Chromite Electrical Contact 

In a further effort to evaluate methods of making electrical connections to the anode of 
chromite banded cell geometry, a five manifold, 30 cell, bundle was assembled for 
testing.  Although the chromite cell geometry affords further generator and stack design 
optimization, it was decided to maintain the existing horizontal cell, electrically isolated 
manifold/braze caps geometry currently used with the standard 15 mm diameter cells.  

 
The bundle incorporated different cathode braid to chromite current collection methods. 
The first two layers utilized the silver tab and spring clip, the next two utilized the 
crimping method and the top layer was connected using the braids and spring clip.  
Figure 21 (a) and (b) show the current collection configurations.  A sheet of mica was 
placed between the cell layers at the chromite band to prevent shorts between layers. 
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Figure 21: (a) shows the crimps and the silver tab conforming to the chromite band; 

(b) attachment of the crimps. 

The bundle has been instrumented to permit voltage measurements of each layer at the 
interconnect wiring as well as at the manifolds.  Figure 22 shows the bundle assembly 
with voltage sense wiring attached.  The braze caps are not electrically isolating so each 
layer is parallel connected at the manifold but not at the interconnect connections.  
Testing of the bundle will be conducted during the next reporting period. In preparation 
of this testing, the bundle tester flow meters have been recalibrated and the test stand 
operation checked through cold and hot testing. 

ß(a) 

ß(b) 
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Figure 22: Bundle assembly with voltage sense wiring attached 
 
Acumentrics current plasma spray chromite application procedure of 3 layers of bond 
coat followed by 10 layers of chromite result in cells which are susceptible to 
performance loss and slow recovery post thermal cycling.  To investigate this further, a 
number of cells have been fabricated and evaluated for performance under different 
testing regimes.  Post testing, the cells were analyzed by optical microscopy and energy 
dispersive x-ray spectrometry (EDS) to evaluate the existence of any changes in 
chemistry or morphology that may have taken place in the cell during testing.  Four cells 
were investigated in total, one which had been fully fabricated but not tested, one that 
was run predominantly utilizing Acumentrics standard testing conditions and two cells 
that were tested under the same conditions in the same cell test stand but showed 
different performance.  These final two cells experienced a higher load of between 250 
and 300 mA/cm2 for the duration of the test.  From these tests it was concluded: 
 
Ø Poor demarcation of the electrolyte is apparent for all evaluated cells.  This issue 

is currently being addressed through evaluation of different types of masking 
medium during electrolyte infiltration.   

 
Ø Three out of four cell samples that were sectioned for optical microscopy showed 

no delamination or cracking between any of the applied layers.  One sample, 
showed some delamination between the bond coat and electrolyte layers which 
could be responsible for the poor performance of this cell.  It is not known 
however if this delamination occurred in the sample preparation phase or during 
cell testing. 

 
Ø The La, Ca and Cr contents, measured by EDS in the chromite layer for both cell 

tested and non cell tested samples were similar.  This suggests that the Cr content 
of the interconnect does not change during performance evaluation.   
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Ø The measured weight % values for Ca and Cr levels in the plasma sprayed 
chromite layer were lower than the expected values calculated from the starting 
powder.   

 

Chromite Cell Bundle Test 
To evaluate methods of making electrical connections to the anode of a chromite banded 
cell geometry, a five manifold, 30 cell, bundle was tested.  The bundle incorporated 
different cathode braid to chromite current collection methods. The first two layers 
utilized a silver tab and spring clip, the next two utilized a crimping method and the top 
layer was connected using braids and spring clip.  

 
The bundle was tested for 7 thermal cycles that totaled 377 hours under load. The cell 
potentials were recorded at two locations for each layer of the bundle. The bundle was 
held at a nominal temperature of 800 C. Six thermocouples (Two at the top, two in the 
middle and two at the bottom) in the bundle were used to record the temperature gradient. 
After 165 hours the temperature sensitivity of the operating cells was evaluated at a 
current density of 150 mA/cm2 and 75 % fuel utilization. A temperature sensitivity 
coefficient was calculated for each layer, which was used to normalize the vo ltages to a 
nominal temperature of 800 C. In addition the voltages were normalized to a current 
density of 150 mA/cm2 to allow for better comparison of manifold performance over the 
lifetime of the test.  
 
After the seventh thermal cycle the test was terminated and the bundle was disassembled. 
Carbon deposits were discovered in the CPOX. It is unclear why the carbon deposition 
occurred.  Testing of the natural gas composition in the testing laboratory shortly after the 
test was terminated revealed an anomalous spike in the concentration of longer 
hydrocarbons. As shown in the graph below, previous to this the higher hydrocarbon 
concentration in the natural gas was low and steady.  This high concentration of C-atoms 
could have temporarily created a low O/C ratio that caused carbon to drop in the CPOX 
reactor or, the existing internal CPOX reactor, which uses nickel as the reformation 
catalyst, may not be capable of adequately reforming the larger concentrations of C2+ 
hydrocarbons.  It is suspected that the natural gas concentration temporarily changed due 
to recent event on the Gulf coast and disruptions in the natural gas supplies.  Nstar the 
local gas utility has been contacted to confirm this change. 
 

Single-Ended Current Collection Bundle Test 
 
A 30-cell bundle test was initiated to evaluate voltage fluctuations that have developed 
after several hundred hours of operation.  To determine if fuel type and/or the degree of 
reforming contribute to the voltage fluctuations, the bundle tester was setup to operate on 
hydrogen.  The existing anode fuel train was bypassed on the bundle tester by adding 
hydrogen and nitrogen mass flow controllers.  As shown in Figure 23 and 24, the bundle 
was of the standard geometry with voltage taps at each of the manifolds.  
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Figure 23: 30 Cell Bundle for Hydrogen Test 
 

  
Figure 24: Single Ended Current Collection on Hydrogen Bundle 

 
The bundle has been operated for 330 hours without any signs of voltage fluctuations as 
shown in Figure 25.  After approximately 135 hours a thermal cycle was taken to 
investigate the bundle for fuel leaks.  Fuel utilization sensitivity and disagreement 
between the calculated fuel utilization and the fuel utilization as determined from the 
inlet and off gas composition suggested a loss of fuel.  Bundle leakage after the initial test 
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was 60 mlpm/cell versus 5 mlpm/cell prior to the test.  The bundle was disassembled and 
the manifold gaskets replaced which resulted in a bundle leakage of 20 mlpm/cell.  The 
reason for the additional leakage was not conclusively determined; it may be a result of 
the flatness of the manifold sealing surfaces.  The bundle was again placed on test and the 
disagreement between the calculated and actual fuel utilizations eliminated.  As seen on 
the life graph in Figure 25, at 300 hours the current density was reduced from 150 
mamps/cm2 to 100 mamps/cm2.  This bundle will remain on test for approximately 1500 
hours to determine the long-term stability of the cells on hydrogen.   
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Figure 25: Hydrogen Bundle Life Graph 

  
A further plasma spray trial has taken place to investigate the application of different 
chromite thicknesses onto the anode tube and its effect upon cell performance. 

This investigation was set up to evaluate the optimum chromite or “top coat” thickness 
through varying the number of spray passes applied to the tube.  Obviously the thinner 
the chromite layer that still yields a leak tight cell the shorter the current path, the better 
the cell’s potential performance. 

To investigate chromite thickness, a number of anode tubes were sprayed at the 
electrolyte break in the middle of the tube with the usual three layers of bond coat.  These 
tubes were then subsequently coated with 3, 6 or 10 passes of chromite.  The cells were 
then evaluated for performance.  
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The VJ curve (Figure 26) was recorded using standard operating conditions of 75% fuel 
utilization at 800°C after 116 hours of operation. 

 
 

 

 

 

 

 

 

 

 

Figure 26: VJ Curve After 116 Hours of Operation 

 

The series of curves show that cell performance improves as the number of gun passes 
and therefore chromite layers increase from 3 to 6 through to 10.  Since one of the 6 pass 
coated tubes performs slightly better than the 10 coat pass cell while the other 6 coat pass 
cell performs significantly worse, it is considered that the use of 10 top coat passes is in 
the safe region for reliable operation.   

 
All cells were cell tested for a total of 500 hours and during that time experienced 11 
thermal cycles.  During testing the two cells with 3 topcoats performed at a significantly 
lower level than the other three cells on test.  After cooling the test stand down and 
examining the cells, it was determined that the two three top coat cells had degraded 
significantly during operation. 

 
After cell testing, a representative sample of each cell type was sectioned and the 
chromite thickness estimated by averaging 12 thickness values taken from six 
micrographs of each cell.  The values in Table 8 show the average thicknesses that were 
recorded for the different spray conditions. 
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 Top Coat (µm) 
Tested cell with 3 top coats 16±5 
Tested cell with 6 top coats 22±4 
Tested cell with 10 top coats 36±6 

Untested cell with 10 top coats 39±6 
Table 7: Cell Test Thickness Results 

 
The failure mechanism for of the two cells with three chromite passes and the available 
cell test data suggests that the chromite layer thickness is too thin to provide an effective 
barrier between the fuel and air streams.  No evidence of anode oxidation was observed 
for the six or ten coat pass cells. 

 
Welding of Silver Braid Current Collection Connections 
 
A new method of connecting the silver braids together was investigated for the purpose 
of assembling stacks using multiple chromite interconnect cells.  Due to the number of 
connections required per manifold, a less time consuming, lower cost method of joining 
the cathode and anode silver braids is desired. Two techniques were tried to fuse the 
braids together without the need for clips or additional wire - Tungsten Inert Gas (TIG) 
welding and Oxy-Propane welding. 

 
The first technique tried was TIG welding. A standard water cooled TIG torch was 
modified to include a ground connection so that a plasma could be produced without 
passing current through the cells or braid wires.  The silver braids to be welded were 
placed in this plasma zone and fused. TIG welding generated a large amount of heat that 
was transferred to the cells. This was considered detrimental due to the uneven heating 
and potential thermal shock problems. Discoloration was also evident from the TIG 
technique. Areas of white and brown residues were left behind on the cells after welding 
the connections. 

The gas torch was a much more controlled and easy to control process. The torch was 
adjusted to a neutral flame and the tip of the flame cone (hot zone) was applied to the 
twisted silver braids. Within seconds the braid melted forming a bead of silver, which 
encompassed both braids.  

The oxy-propane welding torch provided an effective and expedient method of forming 
an intimate connection between the two braids. Minimal skill was required to perform 
this technique.  Care must be taken to ensure that the flame does not impinge upon the 
silver wire windings or the cells.  This technique will be utilized in the assembly of the 
next chromite bundle to be placed on test. 

 

Stack Tester  

 A stack tester capable of testing bundles and stacks utilizing the 40 cm, three chromite 
band cells has been designed and fabrication is underway.  Figure 27 shows the CAD 
model of the hot box.  For the most part the design is similar to earlier built testers, 
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additional features include an integral fuel pre-reformer, stack/bundle support rail and 
adjustable chamber depth to support cells from 40 to 47.5 cm in length. 
 

 

Figure 27: Stack Tester #3 Hot Box 
 
Fabrication and check out of the unit will be completed during the next reporting period.  
To date, the frame, plenum and down comer have been fabricated and the insulation 
boards have been cut and prepped.  Gas utility module assembly, and power and control 
wiring is also underway.  Larger capacity DC loads have been acquired to accommodate 
stack powers up to 3 kW. 
 
 
Subtask 3.3 – Generator Design 
 

Methods of supporting the end of the cells for the horizontal, chromite band, 40 cm long 
cells were investigated.  With the longer cells it is anticipated that a simple cantilevered 
approach will not be feasible and therefore methods of supporting the cells from the 
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cooling manifolds or a separate end wall support structure have been conceptualized.  A 
manifold assembly with the longer cells has been prepared and has undergone furnace 
testing in the cantilevered configuration. 

 
The cell- to-cell current collection techniques to be utilized for the chromite interconnect 
cells presents a problem in the horizontal stack configuration in that the stacks must be 
produced in a “bottoms-up” approach.  In order to preserve the bundling technique 
utilized with the single ended current collection cells wherein gangs of five to six 
manifolds could be produced and then stacked together, a new method of electrical 
connection between bundles was required.  To permit joining of braids of preassembled 
bundles, a novel crimping geometry was designed to connect the cathode braids to the IC 
braids, forming the series connection.  To minimize the electrical path and to not have to 
increase the stack height, the crimping method was developed to work within the gap 
afforded by the cooling. 

 

As shown in Figure 28, a physical model of the top and bottom of a bundle was 
fabricated from ‘used’ cells and manifolds. The cells were wound with silver braid to 
depict the current collection and the manifolds were stacked between a cooling manifold 
(same stacking arrangement as in a working generator).  A Hastelloy® X crimp was 
fabricated in the form of a spiral which allowed the capture of the silver braids and 
subsequent compression of the two braids, forming a tight connection. 
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Figure 28: Completed Bundle-to-Bundle Connection 
 
A set of crimping pliers shown in Figure 29 with specifically designed jaws was 
fabricated. The purpose of these pliers was to clamp the crimp connector and compress it 
by tightening the spiral until the silver braids were squeezed together. 

 
 

Figure 29: Crimping Pliers  
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Although time consuming to assemble, a secure, low resistance connection could be 
made between bundles with the space provided by the cooling manifold. The cooling tube 
must have electrically insulating sleeves at specific locations in order to prevent the 
electrical shorting of the silver braids to the cooling manifold. These mus t be secured in 
their locations with a spot of weld on the cooling tube at specific places. 

 

Horizontal Cell Support 
 
It has been previously observed that cells that are positioned horizontally and not 
supported at their ends (cantilevered) will eventually sag under their own weight during 
testing. For single ended current collection cells this cell droop was unlikely to cause 
current shorts since the current collection wires and tabs were at the fixed ends of the 
cells and insulation was placed between the braze caps at the end of the cell experiencing 
downward movement.  For chromite cells relative movement of the cells may cause 
problems since current interconnects will be along the length of cells.  Also, the longer 
length cells, possible with chromite interconnects, are likely to exacerbate the problem 
due to the additional weight of the cells.   
 
To evaluate the extent of the problem, a furnace test was setup to determine the actual 
displacement of cantilevered 40 cm long cells.  The fixture and manifold which was 
placed into a 800°C furnace is shown in Figure 30. 

 

 
 

Figure 30: Apparatus used to suspend the cells within the furnace. 
 
After a week at 800°C, the manifold was removed from the fixture, placed on a surface 
table and, using gauge blocks, the height from the surface table to the bottom of the end 
cap was measured. From this measurement the amount of cell droop was calculated. The 
setup was then placed back in the furnace and heated to 800°C. 

After the first thermal cycle the cells had dropped a great deal. The average amount of 
sag from horizontal was 0.54” over 184 hours at 800°C (measured from the base of the 
end cap to the surface table).  After the second thermal cycle the average sag was 0.67” 

Measured 
Distance 
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over 419 hours at 800°C. After the third thermal cycle the average sag was 0.78” over 
512 hours at 800°C. 

Since the test was performed in air at 800°C, the braze material and braze caps had 
severely oxidized and caused the braze caps to bulge. This was a more severe oxidation 
effect than for the cells within an operating stack due to the relatively reducing 
atmosphere on the inside of the cells. Additionally, for expediency, the cells were brazed 
in their oxidized state, which increase the thermal expansion mismatch between the 
anode cermet and the nickel cap. These two facts caused the braze connection to be very 
weak and eventually four of the six cells cracked.  

This severe oxidation could have caused this test to perform differently when compared 
to an operating stack, but the fact remains that bend ing had occurred at the brazecap-1/4” 
NPT thread interface and thus the effect (as shown in Figure 31) would still be observed 
under reducing conditions.  Overall, it was most evident that the cells cannot be 
supported by the braze cap alone and were sagging towards the ground. 

 

 
 

Figure 31: Bend in the Braze cap After 512 Hours  
 
Based on the results, a support structure, which can support the ends of the cells, will be 
incorporated into the stack design.  Since it would be extremely difficult to support each 
cell separately given the end of cell position tolerance while allowing unrestrained 
thermal expansion, as a first cut, a support structure will be designed which can carry the 
weight of each cell bundle.  Between cell layers within a bundle, insulation will be used 
to transfer the load from the upper layers down to the structure.  Figure 32 shows two 
potential methods to support the cell bundles.  The first utilizes a support structure 
extending from the cooling manifold and the second utilizes a frame, which would carry 
the load to support structure incorporated into the bottom insulation. 
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Figure 32: Cell Structural Support Concepts 

A SolidWorks® model was created to depict the geometry of the cooling manifold 
support concept. COSMOS Works® was utilized to determine the behavior of the part 
under stack conditions. Various geometries were tried in an effort to create the most 
effective and economic design. The material used was Inconel® 600 since it had the 
relevant properties required (high temperature oxidation resistance and sufficient high 
temperature creep strength) and it is one of the cheaper high temperature alloys. 
 

Properties of Inconel® 600 @ 760°C* 
 
Elastic Modulus: 168 GPa 
Density:  8.42 gcm-3 
Tensile Strength: 185 MPa 
Yield Strength: 115 MPa 
Creep Strength: 4.6 MPa (0.01%/1000 hrs @ 815°C) 
Rupture Strength: 39 MPa (1000 hrs) 
Rupture Strength: 25 MPa (10000 hrs) 
*all properties @ 760°C except where noted 
 
 
The displacements and maximum stresses of the different geometry support structures are 
listed below: 
 
3/8” diameter rod: Displacement of 2.9 mm 
3/8”od x 0.035” wall: Displacement of 4.6 mm 
3/8”od x 0.065” wall: Displacement of 3.5 mm 
½”od x 0.065” wall: Displacement of 1.3 mm. Maximum stress of 35 MPa on support 
5/8”od x 0.065” wall: Displacement of 0.6 mm. Maximum stress of 20 MPa on support 
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Figure 33: Stress plots of ½”od x 0.065” wall and 5/8”od x 0.065” wall tubes 
 
 
An angle cross-section support structure was also modeled using a size of 5/8” x 5/8” x 
3/32” wall Inconel® 600. The displacement was 0.7 mm and the maximum stress was 
calculated to be 33 MPa. Another version had the geometry of 5/8” x 5/8” x 1/8” wall 
which gave a deflection of 0.6 mm and a maximum stress of 28 MPa. 
 

 
Figure 34: Loaded angle support structure showing maximum stress of 33 MPa. 

 
A furnace test was setup to provide experimental verification of the model results and to 
more importantly evaluate the influence of creep on the deflection of the support 
structure. 
 
The structure was fabricated from 3/8”od x 0.065” wall Inconel® 600 tube. A fixture was 
fabricated to suspend the cooling manifold support structure above the furnace floor. The 
assembly was placed into the furnace and allowed to soak at 800°C for 120 hours. Figure 
35 shows the entire assembly ready for the furnace testing. 
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Figure 35: Cooling manifold support structure hoop and testing rig assembly 

 
After heating to 800°C and soaking for 120 hours, the cooling manifold bundle support 
structure hoop had sunk to the floor of the furnace (see Figure 36). Thus, this structure 
could not hold up the 30 cells. This was a worst-case scenario since it is assumed that 
there was no support from the braze caps. 

 
Figure 36: Bent cooling manifold bundle support structure hoop 

 
Based on the above results, work will be focused on designing and evaluating an end of 
cell support structure. 
 
Subtask 3.4 – Manifold and Cap Development 
 
The cyclic furnace testing of the ceramic cap assemblies continued.  After 3984 hours 
and 167 thermal cycles, the leakage was <0.84 mL min-1 @ 0.5”w.c. and 2.7 mL min-1 
and 3.4 mL min-1 @ 1”w.c. This is considered a low leakage and thus this 
geometry/materials setup is successful. At 1344 hours, the gas was changed back to the 
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original composition and the leakage went back up to where it was previously.  The 
experiment will continue for 4500 hours. 

Work has continued on the development of an isolated braze joint.  Some 8-cell trials 
have been completed utilizing a ceramic/metallic mixture to for an electrically isolated 
gas tight seal at the cell inlet.  Changes since last month include the use of a mechanical 
device for ceramic application, and the modification of the braze cup geometry.  For the 
small trials, 100% of the cells were successful, suggesting that this may be an appropriate 
starting point.  The results will need to be verified, and results/pathway tabulated and 
documented.  At this point, it appears that an isolated braze joint is possible for use with 
interconnect cells. 
 
One of the major problems with the development to date has been the inability to apply 
the paste bead uniformly along the bottom of the cup.  If not placed properly, the cement 
will ride the outer wall of the cell, reducing the contact between the layers, resulting in an 
additional leak path.  If insufficient paste is applied in an area, the cell can contact the 
bottom of the cup, not isolating the cell electrically. 
 
An applicator was made which allowed the uniform application of the paste to the bottom 
of the cup.  Eight cells were tested with the new application.  All eight exhibited 
electrical isolation and acceptable leak rates, suggesting the process could be successful. 
The brazed joints are in the process of being cut and examined to better understand the 
process before implementation. 
 

Ceramic Cement Cell-to-Braze Cap Connection 
One method of electrically isolating the chromite cell from a common fuel plenum is to 
electrically isolate the cell from the connection cap via ceramic cement.  A series of trials 
were conducted to determine the viability of the technique. 
 
Two braze caps were machined for cell-to-braze cap joint testing. The material for these 
caps was stainless steel. Figure 37 shows the cap design for the preliminary testing. 
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Figure 37: Thin-walled machined braze cap for preliminary experiments 
 

Sample #1 was the short length of cell and Sample #2 was the longer. 
 

 
 

Figure 38: Sample #1 & #2 after cementing 
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After the curing regime, the samples were placed into a furnace and thermally cycled to 
800°C for 17 hours, every 24 hours. 

 
A control sample of the cement was also put through the curing regime and thermally 
cycled to determine if it would perform as expected. 
 
The cement had a very low viscosity when initially mixed and it was left to partially set 
for 20 minutes. After drying overnight the cement was still very brittle and a sample of 
the cement was easily broken into fragments. After curing at 315°C the cement 
transformed into a rock-solid joint between the cap and the cell. The control sample was 
also subject to the 315°C cure and was found to be very strong (qualitative 
measurement). 
 
After the thermal cycling to 800°C, the samples were removed and visually inspected. 
The cement joint looked very clean with no evidence of cracking either at the metal edge 
or the cell edge (or through the cement thickness). Since the cells used were in the 
reduced condition, the electrolyte had crazed and thus the leakage values were very poor 
(on the order of 7-8 mL min-1 N2 at RT). 
 
After the second thermal cycle to 800°C, the cement had cracked and the cells were 
loose. After some torsion on the braze cap, the cells separated from the cement joint. 
Figures 39 and 40 show the cracked cement joints. 
 

 
 

Figure 39: Cement joints illustrating the cracks and lack of adhesion to the 
electrolyte 

 
The cement was not adhered to the electrolyte and once the cell was out of the cap, the 
remaining cement on the electrolyte was easily removed with a fingernail. There was also 
minimal adhesion of the cement to the cap. The cement was easily removed from within 
the cap with a sharp implement. 
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Figure 40: Ceramic cement not adhered to the cap and the cell 
 
The cement underwent a color change from cream to yellow (see Figure 41). It is unsure 
why this happened, but could be a contamination from the stainless steel. As mentioned 
previously, the cement was rock-hard after the curing at 315°C, but after the second 
thermal cycling to 800°C, the cement was weak and crumbly. The cement should have a 
maximum service temperature of approximately 1650°C and thus should not crumble. 

 

 
 

Figure 41: Remnants of the joint and the control sample after sintering to 800°C 
 
Typically, a cement gap of 0.005”-0.010” is recommended for an optimum joint. The 
geometry used for this experiment had a gap of up to 0.033”. This was beyond the range 
of the cement and might have been a major contributor to cracking. 
 
The control cement sample did not exhibit the color change noted in the cement joint, nor 
did it flake and crumble after the thermal cycle to 800°C. The sample was rock-solid and 
still had its cream color. This suggests that something from the stainless steel could be 
contaminating the cement, causing it to degrade. 
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A repeat of the above test was conducted using a modified mixing ratio with the same 
results.  The cement did not bond well to either the cap or the electrolyte and exhibited a 
color change, suggesting contamination, not present in the control sample. 

 
A final test was made this time with standard end caps instead of the stainless steel caps. 
Figure 42 shows the end caps and cells prior to curing. 
 

 
 

Figure 42: Pre-thermal cycle cement joints 
 
The cement had a consistency of paste when initially mixed and thus it was used 
immediately. After passing through the curing regime the cement transformed into a 
rock-solid joint between the cap and the cell. The control sample was also subject to the 
cure process and was found to be very strong (qualitative measurement). 
 
After the first thermal cycle to 800°C (17 hours) over 24 hours, the samples were leak 
checked. Leakage was tested to be <0.84 mL min-1, which is considered very low. 
Another leak check was performed after 7 thermal cycles, with the same results. Figure 
43 shows the caps after the seventh thermal cycle. 
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Figure 43: Post thermal cycle cement joints 
 

 

Cell Alignment Fixture 
A cell must have a certain degree of axial straightness for it to be inserted into a manifold 
without contacting the cell next to it. A fixture was designed and built to show the 
maximum misalignment allowed by providing a go-no go situation.  
 
There are two possible misalignment ‘areas’ that can be tested with this unit. These 
include a misalignment in the ¼” NPT thread and a crooked brazing joint. If these two 
connections are within the specification set by the fixture, then the cell will be accepted 
and will be capable of being screwed into a manifold. 
 
It was seen in the past that there was the possibility of having a manufactured braze cap 
with a misaligned ¼” NPT thread. Thus, it was necessary to test this part of the cell 
assembly. It was decided to grasp the cell by the ¼” NPT thread within the go-no go 
fixture, since this was the connection method to the manifold. 
 
The second potential misalignment area is the actual brazing process. It was apparent 
from previous work that it was possible to braze the cell into the braze cap at an angle. 
This caused the cell to orbit about its axis, with the potential to contact the cell next to it 
in the manifold, causing difficulties for the assembly process. 

 
The design of the fixture, as shown in Figure 44, is simple in that it fixes the cell by the 
¼” NPT thread and projects the cell towards a slide. The slide has a gauge hole in it, 
which corresponds to the diameter of the end cap plus the allowable misalignment 
tolerance. The slide is passed towards the end cap of the cell. If the gauge hole can 
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encompass the end cap, then the cell passes the test. If the gauge hole snags the end cap, 
then the allowable tolerance has been exceeded and the cell is rejected. 
 

 
Figure 44: Go-No Go Fixture for cell alignment determination 

 
 
 
Task 5.0 Fuel Processing Technology Development 
 
Subtask 5.1 – Reformer Technology 

Field operation of a generator with below stack POX reactors utilizing nickel cermet 
tubes as catalyst has shown that this reactor configuration may not be adequate for natural 
gas compositions containing large quantities of higher hydrocarbon species.  With a 
natural gas containing 6.3% ethane, 2.4% propane, 1% butane (iso & n), 0.36% pentane 
(iso & n) and 0.4% hexane on a volumetric dry basis carbon deposition in the stacks was 
observed.  Testing has been initiated to evaluate the performance of the 0.5% rhodium 
catalyst, previously used for propane reformation, with natural gas.    

 
Initial testing has been carried out on a 2” diameter reactor operating on the standard 
natural gas supplied to Acumentrics facility.  The natural gas composition supplied by the 
local utility is typically 96.4% methane, 0.9% carbon dioxide, 0.4% propane, 2.3% 
ethane. The reactor contained approximately 130 grams of catalyst with 10 grams of 

Slide and 
Gauge Hole 
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alumina on top.  The reactor was operated for approximately 125 hours on natural gas.  
Reactor operation was steady with good conversion efficiency.  The conversion 
efficiency was approximately 77% for methane and 100% for higher hydrocarbons. 
Inspection of the test setup revealed that the reactor and catalyst were free of carbon but 
there was carbon build up in a small section of line between the reactor and the furnace 
used to incinerate the reactor products.  This carbon deposition appears to be due to the 
low temperatures in the uninsulated line, where carbon is thermodynamically favored. 
The reactor was restarted with additional insulation on the outlet tubing and again 
operated for approximately 100 hours.  Carbon deposition in the outlet tubing was 
eliminated with the exhaust line temperature maintained at between 550 and 650 C. 
 
The test stand will be modified to permit spiking of the utility natural gas with propane to 
increase the level of higher hydrocarbons to the reactor.   
 
The CPOX reactor with rhodium catalyst was tested for natural gas partial oxidation. 
Despite the lower temperatures at the reactor inlet relative to propane partial oxidation 
(~850oC compared with >950oC) performance was satisfactory. The reactor should now 
be used for bundle and stack tests. 
 

• Methane conversions were 75-80%, with 100% conversion of higher 
hydrocarbons inherent in the local NG (5-6% ethane, and 1% propane, trace 
quantities of butanes and pentanes). 

 
•  Propane was dosed by an MFC in order to obtain a “dirtier” NG (propane and 

ethane concentrations both ~5%,). This mix was also successfully reformed in the 
CPOX reactor 

 
• In all cases no significant carbon was found in the reactor, even after cumulative 

testing times of >200 hrs at a chemical O/C∗~1.1-1.2. 
 

 
The mass spectrometer was refit with an open ion source in the hope that it would fix the 
stability issue. An open ion source typically results in lower signal to noise ratios, but 
given the high concentrations typically measured in combustion analysis this retrofit did 
not interfere with the proposed applications. Signal stability, especially on air did 
improve significantly, however both filaments burned out during the testing suggesting 
that there is a filament short.  
 
Nippon-Shobukai was contacted regarding a CPOX catalyst for processing town gas 
(86% methane, with ~5ppm sulfur odorants). The catalyst is proprietary but is supplied in 
monolith form. 
 

                                                 
* chemical O/C is based strictly on the chemical composition of the natural gas. The 
nominal O/C is based on the measured flow rates  
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Sud Chemie was also approached to supply monoliths for NG and LPG ATR or partial 
oxidation. The catalyst product they suggest is a proprietary precious metal formulation 
designated FCPOX-1A.  
 
In addition, testing of a natural gas fuel pre-reactor continued.  The reactor is a cylinder 
filled with Rhodium catalyst on 2 mm alumina pellets which has a bulk density of 1.19 
g/cm3. A 10 mm inert layer on top of the catalyst bed served as an insulator. The reactor 
is insulated with 2” of fiberfrax blanket to retain the exothermic heat of the partial 
oxidation reaction. The part of the reactor above the catalyst bed is not insulated to 
prevent the gas mix from heating up before it contacts the catalyst. The reacted gases are 
carried into a 3/8” off gas pipe (about 1 foot length) towards the hotbox of a stack test 
stand where they are flared off. All the gas-wetted surfaces are inconel and mica-gaskets 
where the 3/8” pipe is flanged. 
 
The reactor was run on natural gas and an O/C ratio between 1.1 and 1.2 if not otherwise 
noted. The following conditions were evaluated: 

1. Grid natural gas, off gas pipe not insulated. Carbon dropped out at the end of the 
off gas pipe 

2. Grid natural gas, insulated off gas pipe, no carbon found 
3. Grid natural gas spiked with bottled propane, insulated off gas pipe, no carbon 

found 
4. 5.6 slpm grid natural gas with higher propane spike, insulated off gas pipe, no 

carbon found 
5. Larger reactor (3” diameter), 15.7 slpm grid natural gas spiked with bottled 

propane, insulated off gas pipe. A small amount of carbon was found on the mica 
gasket at the off gas tube outlet 

6. Larger reactor, bottled natural gas that was mixed to match the natural gas 
composition in Cuyahoga, Ohio, insulated off gas pipe, A small amount of carbon 
was found on the mica gasket at the off gas tube outlet 
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Post-Test Pictures 

 
Figure 45: Catalyst and inert pellets after condition 4 was run 

 

 
Figure 46: Flange at the inlet to reformate off gas tube  
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Figure 47: Flange at the outlet of the reformate off gas tube  

 
Figure 48: 2” Reactor cavities with thermocouples 
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A preliminary sizing exercise for a 10 kW unit (115 SLPM methane, 445 SLPM total 
flow) leads to a monolith of the order of 3” OD by 3” length giving a pressure drop of 
~3” W.C. . This compares against a pressure drop of ~80” W.C. in the equivalently sized 
packed bed. Packed bed technology is not appropriate for such large flow rates because 
of the relatively low void volume and tortuosity.  
 
Subtask 5.3 – Light Fuel Desulphurization 
 
Sud Chemie offered a presentation, which touted a new zeolite adsorbent for room 
temperature desulphurization of odorants. This adsorbent is only available in pre- 
commercial quantities at the moment. The proprietary zeolites showed particularly high 
adsorption capacities for DMS (~0.7wt%S) and THT (1.6 wt%S). This compares 
favorably with the capacities of the commercial adsorbent currently available for low 
temperature units at Acumentrics.  
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List of Acronyms and Abbreviations 
 
AC    Alternating Current   
ANSI     American National Standards Institute   
ASCII    American Standard Code for Information Interchange   
BOM     Bill of Material   
BOP      Balance Of Plant   
CAD     Computer Aided Design   
CAN     Controller Area Network   
CM     Common Mode   
CPOX    Catalytic Partial Oxidation   
DC    Direct Current   
DSP      Digital Signal Processor   
DTA     Differential Thermal Analysis   
EEPROM   Electrically Erasable Programmable Read-Only Memory   
EMC     ElectroMagnetic Compatibility  
ESTOP  Emergency Stop   
FCIC     Fuel Cell Interface Converter   
FCS      Fuel Cell Stack    
FCUPS   Fuel Cell Uninterruptible Power Supply interface   
FET      Field Effect Transistor   
FU    Fuel Utilization   
GUM     Gas Utility Module   
HMI     Human-Machine Interface  
IC    Investment Casting   
I/O     Input / Output   
IR    InfraRed   
LED      Light Emitting Diode   
lpm      Liters per minute   
MIM     Metal Injection Molding   
mlpm     Milliliters per minute   
MOR     Modulus of Rupture    
MOSFET   Metal Oxide Semiconductor Field Effect Transistor   
NPT      National Pipe Thread   
NYSERDA   New York State Energy Research and Development Authority   
PC    Personal Computer   
PCB      Printed Circuit Board   
P&ID      Piping and Instrumentation Diagram    
PID      Proportional Integral Differential   
POX     Partial Oxidation    
PLC      Programmable Logic Controller   
PWM     Pulse Width Modulation   
ROM     Read Only Memory   
RPM     Revolutions Per Minute   
RPTS     Rapid Prototype Test Station    
SEM     Scanning Electron Microscope 
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SiC    Silicon Carbide   
SOFC     Solid Oxide Fuel Cell   
SPI      Serial Peripheral Interface   
TEC      Thermal Expansion Coefficient   
TGA     Thermal Gravimetric Analysis   
UPS      Uninterruptible Power Supply   
TI    Texas Instruments 
 w.c.      Inches water column   
YSZ      Yttria Stabilized Zirconia 
 
 
 


